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and r id ing  a bicycle ergometer produced similar gains i n  physical f i t n e s s  
variables.  I n  Experiment I1 t he  subjects  exercising a t  a 180 hear t  r a r e  
made a greater  improvement i n  physical f i t n e s s  than did those exercising 
a t  a 140 or 160 heart  rate. 
meetings i n  L i t t l e  Rock, New Orleans, and St. Louis. 
Experiment I revealed t h a t  running 
Three papers have been presented a t  s c i e n t i f i c  
Experiment 1x1 was an invest igat ion of the e f f ec t s  of var iab le  length 
t r a in ing  sessions on physical f i tness .  
minutes per  day made grea te r  gains on specif ied components of physical 
f i t n e s s  than did those who exercised twenty o r  fo r ty  minutes per day. 
The subjects  who exercised s i x t y  
Experiment I V  w i l l  begin September 1, 1968 and w i l l  be completed Decem- 
ber 31, 1968. 
a t  a 160 hear t  rate for twenty minutes per  session. 
th ree  t i m e s  per week, Group I1 six t i m e s  per week and Group 111 twelve 
t i m e s  per  week. 
Three experimental groups w i l l  exercise  on a bicycle ergometer 
Group I w i l l  exercise 
The authors express appreciation to Dr.  Jim Mead and Dr. Robert Walls of 
the  Biomet ry  Division, University of Arkansas Medical School, f o r  t h e i r  
ass i s tance  i n  the analysis  of t he  data. 
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An Invest igat ion of the Effects  of Variable 
Harry Olree, Bob Corbin, and James Penrod 
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I, Introduction 
Prolonged weightlessness during space f l i g h t  might r e s u l t  i n  de- 
t e r io ra t ion  of fundamental cardiovascular-respiratory responses. There 
has been considerable concern t h a t  prolonged space f l i g h t s  might cause 
cardiovascular deconditioning, making the  space crewman suscept ible  t o  
syncope o r  c i rcu la tory  co l lapse  during re-entry o r  re turn  t o  ea r th  (1). 
One of t he  pr incipal  problems encountered with prolonged weightlessness 
is the  hypotension which develops upon re turn  t o  gravi ty  due t o  the loss 
of the  cardiovascular reflexes.  
o f f i c i a l s  is  t h a t  of space fatigue. 
vehicular a c t i v i t y  t o  be very exhausting, 
Another problem of great  concern t o  space 
Astronauts have found even mild extra- 
Lamb (2) states t h a t  prolonged bed rest r e s u l t s  i n  physiological de- 
conditioning, manifested by decreased plasma volume, decreased red blood 
cell mass, decreased red blood c e l l  production with inac t ive  bone marrows, 
increased r e s t ing  hear t  r a t e ,  decreased exercise tolerance,  decreased 
o r thos t a t i c  tolerance,  decreased coronary blood flow, increased s torage 
of catecholamine products i n  the  myocardium, decreased muscle mass and 
muscle tonus, increased nitrogen excretion, and increased calcium mobil- 
i za t ion  with increased calcium excretion. Several methods have been 
suggested t o  overcome various aspects  of t h i s  problem. 
pressure cuffs ,  a centrifuge,  acclimatization, an an t igrav i ty  s u i t  and 
exercise  devices. 
These include 
Due t o  t h e  weight and space requirements i n  space 
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vehicles none of these appear t o  approach an idea l  solution. 
o r  a t  least t o  minimize t h i s  deconditioning during prolonged space f l i g h t s ,  
fur ther  research needs t o  be undertaken. 
To prevent 
Miller and Taylor found that increased physical f i t n e s s  decreased 
deconditioning during two o r  th ree  weeks of absolute  bed rest (3) (4). 
It is generally assumed that anything which decreases deconditioning 
during bed rest w i l l  a l s o  decrease deconditioning during prolonged space 
f l igh ts .  
f o r  the  long-term manned space f l i g h t s  which a r e  being planned, research 
is needed i n  the  area of developing and maintaining optimal physical 
f i t n e s s  . 
With t h e  appointment of physicians and s c i e n t i s t s  a s  as t ronauts  
The purpose of Experiment 111 w a s  t o  determine which of three var iable  
length t ra in ing  sessions,  twenty, fo r ty ,  o r  s i x t y  minutes per  day, would 
produce the  grea tes t  gain i n  physical f i t n e s s  i n  col lege men. 
11. Method 
Subjects used i n  t h i s  study were twenty male col lege students who 
volunteered and had below average maximal oxygen uptake values as determined 
from the  Balke Treadmill Test. (5) Baselines were determined on biochemical 
and physiological parameters by administering the  following: (a) a medical 
examination, (b) a lean  body m a s s  determination, ( c )  an American Association 
f o r  Health, Physical Education and Recreation ba t te ry  test, (d) a tread- 
m i l l  test, (e) a bicycle ergometer test, and (f)  an o r thos t a t i c  tolerance 
test, 
Each subject had a thorough medical examination, including a s i x  
lead EXG, a v i t a l  capaci ty  test, a maximum breathing capacity test, and 
blood and urine analysis. 
T e s t  i n  which the  speed of the b e l t  w a s  constant throughout t h e  test a t  
The subjec ts  were given the Balke Treadmill 
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90 meters per minute with an increment i n  grade of 1% per minute. 
r a t e  and blood pressure ( sys to l ic  and d i a s to l i c )  w e r e  measured manually 
a t  one minute in t e rva l s  throughout the  test. 
telemetered t o  a Cardio-Tac for continuous observation and the  test w a s  
terminated when the  hear t  r a t e  reached 180 beats per minute. 
last minute of the t readmil l  t e s t ,  pulmonary ven t i l a t ion  was measured 
and expired a i r  col lected t o  determine the resp i ra tory  quotient,  m a x i m u m  
oxygen consumption, and oxygen uptake per  kilogram of body weight. 
Pulse 
The pulse rate w a s  a l s o  
During the 
Blood samples were obtained by venipuncture, with the subject i n  
a f a s t ing  state, j u s t  p r io r  t o  and immediately a f t e r  t he  treadmill  t es t .  
The following determinations were made: 
method of Loomis (6); glucose by the  method of Nelson (7) and Somogyi (8); 
t o t a l  cholesterol  by the  procedure of Babson, Shapiro, and Ph i l l i p s  (9); 
l a c t i c  acid by the enzymatic 
t o t a l  protein by the  method of Reinholt (10); phospholipids by the method 
of Sunderman (11); t r ig lycer ides  by the  method of Van Handel and Zilver- 
s m i t t  (12); nitrogen by the  method of Conway (13); sodium, potassium, 
and calcium on the  Coleman flame photometer; serum glutamic oxalacetic 
transaminase by the  method of Babson, Shapiro, W i l l i a m s ,  and Ph i l l i p s  (14); 
crea t ine  phosphokinase by the  Sigma method (15); l a c t i c  acid dehydrogenase 
by the method of Babson and Ph i l l i p s  (16). 
The subject 's  percent: of body f a t  w a s  determined by the body densi ty  
method as described by D i l l  (17). An or thos t a t i c  tolerance t e s t  (le), 
t he  AAHPER Physical Fi tness  T e s t  (19) and a bicycle ergometer t e s t  were 
given as p a r t  of t h e  baseline evaluation. 
By using a t ab le  of random numbers the  twenty subjects  were divided 
i n t o  four groups of f i v e  each. Three of t he  groups followed a prescribed 
t r a in ing  program on a bicycle  ergometer f i v e  days per week f o r  t en  weeks. 
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The da i ly  t ra in ing  period consisted of a f i v e  minute wannup with the  work 
load adjusted t o  produce a hear t  rate of 120-130 beats per minute, followed 
immediately by a work load adjustment t o  produce a hear t  rate of 180 beats 
per  minute fo r  each group. 
Group 1 exercised f o r  twenty minutes per day, Group 11 fo r ty  minutes 
per day, and Group I11 s i x t y  minutes per day. 
checked the hear t  r a t e  each minute during exercise and adjusted the work 
load when necessary t o  maintain the  desired hear t  rate, 
workout t he  subject w a s  not  ab le  t o  maintain the  prescribed pedalling 
speed the workload was reduced u n t i l  t he  speed could Be maintained and 
the  subject  completed the workout a t  t h i s  level. This resul ted i n  some 
of the  subjects  working a t  less than a 180 heart  rate. 
out hear t  rate fo r  each subject i s  given i n  Table X I I L  
as the  control  group and engaged i n  t h e i r  normal da i ly  schedule without 
par t ic ipa t ing  i n  an exercise program. 
A research a s s i s t a n t  
I f  during any 
The average work- 
Group IV served 
During the seventh week of t r a in ing  t h e  physical capacity of each 
subject  was assessed by administering the bicycle ergometer t e s t  as 
follows, 
per minute. 
was increased by 75 kpm. 
the  test' w a s  terminated. 
f i f t h ,  eighth, and each of the  las t  three  minutes of exercise t o  obtain 
oxygen consumption data. 
rate were measured each minute of the  test a s  wel l  as three  minutes pre- 
test and ten minutes post tes t ,  
The subject exercised f o r  th ree  minutes a t  300 kilopond meters 
A t  the  beginning of each minute thereaf te r ,  the  workload 
When the hear t  rate reached 180 beats per minute 
G a s  samples were col lected during t h e  th i rd ,  
The hear t  rate, blood pressure, and resp i ra t ion  
A t  the  end of the  ten  weeks each subject ' s  physical f i t n e s s  w a s  
again evaluated t o  determine the  effectivreness of the  d i f f e ren t  length 
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Age (Pro) 
t ra in ing  sessions. 
included rest ing heart  rate, blood volume, plasma volume, red blood cell  
mass, red blood cel l  production, exercise tolerance, o r thos ta t ic  tolerance, 
lean body m a s s ,  m a x i m a l  oxygen consumption, maximal oxygen uptake per 
kilogram of body weight, and the AAHPER scores. 
on several  biochemical and physiological parameters t o  determine the  
nature and extent of any change which took place a s  a r e s u l t  of the 
physical training. 
Indexes of physical f i t nes s  which were investigated 
Measurements were made 
Height (Cm.) 
111. Results 
The average age, height, and weight for  each group pr ior  t o  the  
beginning of the  ten weeks of t ra in ing  a r e  given in Table T. 
Table I 
Mean Age, Height, and Weight of Subjects 
Group 
I - 20 Min. 
If - 40 Min. 
III - 60 Min. 
IV - Control 
A l l  
21.75 175.00 
21.20 177.20 
21.80 170.60 
175.16 I 21.37 
Weight (Kg.) 
78.420 
71.375 
76.400 
78 840 
76.516 
The mean pre-training, post-training, and difference values fo r  the 
variables investigated are presented i n  Tables VI-XI1 inclusive. 
Pr ior  t o  beginntng the experiment the decision was made to make 
comparisons between the f i r s t  and l a s t  tests f o r  each group, 
following model w a s  used fo r  the analysis of variance: 
Yijkl  =)I.+ Ai + Bj(i) + ck + El(ijk), where A represents the  groups and 
The 
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is  considered fixed, B represents t he  subjects and is  considered random, 
and C represents t he  tests and i s  considered fixed. 
Table If 
Source 
Total  
(A) Groups 
B(A) Subjects i n  
Groups 
C Tests 
AC Groups, Tests 
Interact ion 
(B(A))C Subjects i n  
Groups, Tests 
In te rac t  ion 
F 
1 / 2  
I n  the  Anova Table (N) i s  the  t o t a l  number of observations, 38 f o r  
the  treadmill  variables and 5 7  f o r  the var iables  obtained from the  bicycle 
test, The number of groups (n) is  four i n  both analyses. Originally 
there  were f i v e  subjects i n  each group. However, during the experiment 
subject number six who was working f o r  40 minutes per day was forced t o  
drop out. Thus there  are f i v e  subjects (p) i n  Groups I, 111, I V  and four 
subjects 5n Group 11, The number of tests (q) is  two f o r  treadmill data  
and three f o r  bicycle variables. 
A. Analysis of a11 Variables Except Those Obtained From the Bicycle Tests 
The following results were obtained from the analysis  of a l l  the  
variables except those obtained from the  three bicycle tests. 
There was  no s igni f icant  change i n  any of the  groups i n  V i t a l  Capacity, 
Maximum Breathing Capacity, o r  the AAHPERMean Percentile. 
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The group-time in te rac t ion  fo r  t i m e  on the  treadmill  was s igni f icant  
a t  the  p=.O1 level, Comparisons within groups showed s igni f icant  increases 
a t  the  p=,OOl level i n  a l l  exercise groups with no change i n  the  controls. 
Systol ic  Blood Pressure a t  R e s t  did not change s igni f icant ly  i n  any 
of t he  groups, 
t h e  exercise groups but there  was a s igni f icant  (p=,05) decrease i n  the 
control group. 
(20 minutes) and I11 (60 minutes), and a t  t he  p=,OO1 l eve l  i n  Group I1 
(40 minutes). 
Diastol ic  Blood Pressure a t  R e s t  did not change in  any of 
Heart Rate a t  R e s t  decreased a t  the  p=.O5 leve l  i n  Groups I 
The controls did not change. 
The Maximal Pulmonary Ventilation a t  BTPS increased s igni f icant ly  
a t  the p=.OO1 leve l  i n  Group I1 and a t  the  p=.O1 l eve l  i n  Groups I and 111, 
There was no s igni f icant  change i n  the  control group. 
The group-time in te rac t ion  f o r  GO2 was  s ign i f icant  a t  the p=.05 level. 
Comparisons within groups showed a s igni f icant  increase at  the  p=,001 leve l  
i n  Groups I1 and 111, and a t  the p=.01 leve l  i n  Group I. 
not change. 
The controls did 
The Maximal Oxygen Uptake had a s igni f icant  group-time in te rac t ion  
a t  the  p=,O5 level,  
had increased a t  t he  p=.OOl leve l  with no change i n  the controls. 
Within group comparisons showed a l l  exercise groups 
The Maximal 02/kgbw*min. from the  treadmill  test showed a s igni f icant  
group t i m e  in te rac t ion  (p=.05), 
and I11 had increased a t  t he  p=,OOl l eve l  and Group I a t  the p=.Ol level,  
Within group comparisons reveaLed Groups I1 
Group I V  showed no change. 
Neither t h e  RQ nor the  Lean Body Mass (Percent Fat) changed s igni-  
f i can t ly  i n  any of the  groups. 
There were no changes i n  Hemoglobin or i n  Hematocrit i n  any of the  
groups. The Red 3100d C e l l  l eve l  increased (p=.05) i n  Group 111. The 
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l e v e l  of Reticulocytes showed a s igni f icant  decrease a t  the  p=.05 leve l  i n  
Group I, Group If1 showed a Signif icant  decrease i n  Red C e l l  Volume a t  
the  p=.05 level ,  i n  Plasma Volume a t  the  p=.Ol leve l  and i n  Total Blood 
Volume at  the  p=.O1 level. There w a s  no change i n  the  other groups f o r  
these variables. 
Blood samples were taken from each subject before and immediately 
a f t e r  each treadmill  test. I n  the analysis  samples taken before T e s t  I 
and Test I1 were evaluated, then samples taken after T e s t  I and Tes t  11, 
Glucose Before (the treadmill  test) and After ( the treadmill  test) 
showed no s igni f fcant  changes i n  any of the groups, 
Group I1 showed a s ign i f icant  decrease a t  the p=.05 leve l  for  SGOT 
Before. 
changes i n  any of the  groups i n  SGOT After, 
The other groups did not change. There w e r e  no s igni f icant  
Lact ic  Acid Before showed no changes, Lactic Acid After had an 
increase i n  Group I1 a t  the  p=.O5 level. The other groups did not change. 
The only change i n  Total  Cholesterol Before and After w a s  an increase 
i n  Group I a t  t h e  p=,05 l eve l  i n  the  Before analysis,  
There were no changes i n  any of the  groups in Phospholipids Before. 
Analysis of Phospholipids After revealed a s igni f icant  increase i n  Group I 
a t  the p=.O1 level and no changes i n  the other groups. 
Sodium Before showed s igni f icant  increases a t  t he  p=.O1 level In 
Groups 11, 111 and IV, Group I d id  not change, For Sodium After, Group I 
did not change, Group I1 increased a t  t h e  p=,05 level, Group I11 increased 
a t  the p=,Ol level and Group I V  increased a t  the  p=,OOl level. 
There was no change i n  any of the  groups f o r  Triglycerides Before 
o r  After. 
Potassium Before showed no s igni f icant  changes, Group 111 increased 
a t  the p=.Ol leve l  i n  Potassium A f t e r ,  The other groups did not change. 
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The group-time interact ion f o r  Proteins Before was s igni f icant  a t  
the  pm.05 level. 
(p=.O5) and Group I V  (p=,OOl). 
After a l s o  showed increases in Groups I1 and IV a t  t h e  p=,O1 and p=.OOl 
levels  respectively. 
Within group comparisons revealed increases i n  Group T I  
Groups I and 111 did  not change. Proteins 
There were no changes i n  the other  groups. 
Creatine Phosphokinase Before and A f t e r  and Nitrogen Before and After 
showed no s igni f icant  changes i n  any of t h e  grsups. 
Calcium Before and After had s igni f icant  group-time interact ions 
(pe.O1). 
i n  a l l  groups i n  both the  Before and After analyses. 
Comparisons within groups showed decreases a t  the  p=.OOL level  
B. Analysis of the  Variables Investipated by t he  Bicycle Tests 
The Length of Time on the  Bike u n t i l  t he  subject reached a 180 hear t  
rate had a s igni f icant  group-time in te rac t ion  (p=.OOl). 
sbns between times one and three within each:,group showed s igni f icant  
increases a t  the  p=.OOl l eve l  i n  Groups I, I f ,  and I11 with no change 
i n  Group IV. 
However, compari- 
Systol ic  Blood Pressure a t  R e s t ,  Systol ic  Blood Pressure  f o r  the L a s t  
Minute of Work and Diastolic Blood Pressure a t  R e s t  showed no s igni f icant  
changes. 
a t  the  p=.OO1 level  i n  Group 1, at: t he  p=.O1 level  f n  Group 111, and a t  
Diastolic Blood Pressure for t he  L a s t  Minute of Work had decreases 
the  p=.O5 leve l  i n  Group IV, Group I1 did not change s ignif icant ly .  
Heart Rate a t  R e s t  showed a s igni f icant  decrease between T e s t  I and 
Tes t  I I L  i n  Group I11 a t  the p=.05 level. 
groups. 
There w a s  no change i n  the  other  
Heart Rate a t  t h e  L a s t  Minute of Work did not change significantly.  
The Pulmonary Ventilation a t  BTPS ($E) a t  the  8 th  minute of work 
decreased a t  the  p=.05 l eve l  i n  Groups I and 111. 
not change. 
Groups I1 and I V  did 
The VE a t  the l a s t  minute of work showed an increase i n  
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Group I11 a t  t h e  px.05 leve l  and no changes i n  the  other  groups. 
Only Group I11 showed a change between T e s t  I and Tes t  I11 f o r  C02 
at the  8 th  minute, 
last minute group-time in te rac t ion  w a s  s ign i f icant  a t  the  px.05 level,  
The wishin group comparisons showed t h a t  a11 groups increased, 
changed a t  the  p=.Ol Level, Group I1 a t  t he  p=.Ol level, Group 111 a t  the  
p=.OO1 leve l ,  and Group I V  a t  the  p=,05 level. 
It decreased a t  t he  p=.Ol level, The CO2 during the 
Group I 
Oxygen Uptake a t  the  8 t h  minute showed no s igni f icant  changes, 
Maximal 02 Uptake had a group-time interact ion s igni f icant  a t  t he  p=,05 
level, 
i n  Groups I and 111, a t  t h e  p=.O1 l eve l  i n  Group 11, and no change i n  
Group IV. 
The within group comparisons revealed increases a$ the  p=.OOl leve l  
There w a s  no change indicated i n  02/kgbwemin. a t  the  8 th  minute i n  
any of the  groups. 
t i m e  in teract ion s igni f icant  a t  t he  p=,O1 level. 
changes i n  a l l  groups. 
Group If increased a t  the p=.Ol leve l ,  and Group I V  increased a t  the p=,O5 
level. 
The O2/kgbw*rnin. during the last minute had a group- 
The comparisons showed 
Groups I and I11 increased a t  the  p=.OOl level ,  
The RQ a t  t h e  8th minute of work showed a s igni f icant  decrease i n  
Group I11 at  t h e  p=.OOl l eve l  and no change i n  the  other groups. 
a t  the  l as t  minute of work showed no s igni f icant  changes between Test I 
and T e s t  111. 
The RQ 
The Heart Rate during the  las t  minute of work minus the 3rd minute 
Recovery Heart Rate showed s igni f icant  increases in  Group I1 (p=.O5) and 
Group 111 (p=.OOl). Groups I and I V  did not change. 
The Diastol ic  Blood Pressure during the  last minute of work minus 
the Recovery Diastolic Blood Pressure at the  3rd minute showed a decrease 
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i n  Group I11 a t  the p=.OOl level  with no change i n  the  other  groups. 
Maximum Sys to l ic  Blood Pressure minus Recovery Sys to l ic  Blood Pressure 
a t  the  3rd minute showed no s igni f icant  changes. 
IV. Summary 
Fifty-two var iables  which were considered t o  be indexes of physical 
A s ign i f icant  increase from the  pre-training f i t n e s s  were investigated. 
value t o  t h e  post-training value was  considered t o  ind ica te  improvement 
i n  f i t n e s s  i n  thirty-one of the  variab8es. 
var iables  along with the  s ign i f i can t  changes which were found. 
Table I11 presents those 
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Table I11 
Variables i n  Which a Significant Increase Indicates 
Improvement i n  Physical Fi tness  
Variable 
V i t a l  Capacity 
Maximum Breathing Capacity 
Pullups 
Situps 
Standing Broad Jump 
Softbal l  Throw 
Mean AAHPER Percent i le  
Time on Treadmill to 180 H,R, 
Maximal Pulmonary vent i la t ion  (TM) 
Tidal Volume (TM) 
Carbon Dioxide (TM) 
Maxhal Oxygen Uptake (TM) 
Oxygen per Pulse (TM) 
Max. 02/kgbw.m%n. (TM) 
Hemoglobin 
Hematocrit 
Red Blood Cells 
Reticulocytes 
Red C e l l  Volume 
Plasma Volume 
Total Blood Volume 
Lactic Acid (After TPI Tes t )  
T i m e  on Bicycle t o  180 H,R, 
Maximal Pulmonary Ventilation (Bike) 
Tidal Volume a t  180 NOR, (Bike) 
Carbon Dioxide a t  180 H.R. (Bike) 
Maximal Oxygen Uptake (Bike) 
Oxygen per Pulse a t  8th Minute (Bike) 
Oxygen per  Pulse a t  180 H.R. (Bike) 
Oz/kgbw a t  180 H.R. (Bike) 
180 H,R, Minus Recovery H.R. a t  3rd min, 
(Bike) 
I 
20 Min, 
i 001 
001 
00% 
0001 
* 001 
.01 
,001 
01 
0 01 
0001 
05 
,001 . 001 
11 
40 Min, 
. 001 
001 
.os 
. O O l  
001 
0001 . 001 
. 05 
,001 
. 05 
0 01 
001 
0 01 
0 01 
OS 
111 
60 MLn. 
. 01 
. 001 . 01 
001 . 001 
001 . 001 
. 05 
* 001 . 05 
. 001 
0 0 0 1  
001 
.001 
.001 
001 
I V  
m t r o l  
05 
* os 
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A s ign i f i can t  decrease w a s  considered t o  ind ica te  improved physical 
f i t n e s s  i n  twenty-one of t he  variables. 
s ignif icance f o r  t he  changes which were found are presented i n  Table IV, 
These var iables  and t h e  leve l  of 
Table I V  
Variables i n  Which a Signif icant  Decrease 
Indicates  Improvement i n  Physical F i tness  
Variable 
Weight 
Shut t le  Run 
50-yd. Dash 
600-yd. gun 
Systol ic  Blood Pressure a t  180 H.R. (TM) 
Dias to l ic  Blood Pressure a t  180 H.R. (TM) 
Resting Heart Rate 
Ventilation/Oxygen a t  180 H.R. (TM) 
Percent of Body Fat  
Resting, Fasting Cholesterol 
Resting, Fasting Phospholipids 
Resting, Fasting Triglycerides 
Systol ic  Blood Pressure a t  180 H.R. (Bike) 
Dias to l ic  Blood Pressure a t  180 H,R.(Bike) 
Vent i la t ion a t  8 th  Min. (Bike) 
Tidal Volume a t  8 th  Min. (Bike) 
Carbon Dioxide a t  8 th  Min. (Bike) 
Oxygen a t  8 t h  Min, (Bike) 
02/kgbw*min. a t  8 th  Min. (Bike) 
Ventilation/Oxygen a t  8 t h  Min. (Bike) 
Ventilation/Oxygen a t  180 H.R. (Bike) 
I 
20 Min, 
.05 
,001 . 05 
, 001 
.O5 
0 01 
I1 
40 M L  
. 05 
.001 
If1 
60 Mill- 
.001 
05 
.01 
0 05 
. 01 
. 05 . 05 
I V   
0 01 
. 05 
Table V gives a summary of the s ign i f i can t  changes which indicate  
an increase i n  physical f i tness .  
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Table V 
Summary of Signif icant  Changes Indicating An 
Increase i n  Physical F i tness  
I - 20 Min. 
I1 - 40 Min. 
111 - 60 Min, 
The da ta  i n  Table V indicates  t ha t  Group 111, those subjects  who 
exercised €or s i x t y  minutes per  day, f i v e  days per week f o r  t en  weeks a t  
a 180 heart  r a t e ,  made t h e  grea tes t  gains i n  physical f i tness .  They had 
a s igni f icant  change a t  the  p=.05 leve l  or  higher on twenty-three of t he  
fif ty-two var iables  considered t o  be indexes of physical f i tness .  The 
groups which exercised twenty minutes per day, f o r t y  minutes per day, 
and the  control  group had 19, 17, and 4 s ign i f i can t  changes respectively. 
The maximal 02 uptake, as measured by the  treadmill  t e s t ,  increased 
over one-half liter per  minute fo r  each of the three  exercise groups and 
only .O6 l i ter  f o r  the  control  group. (Table VI) The maximal 02/kgbw*min. 
increased 20% fo r  the twenty minute group, 25% f o r  the  fo r ty  minute group, 
and 23% f o r  the  s i x t y  minute group. The control group did not have a 
s igni f icant  increase. 
When the  bicycle  t e s t  was used t o  measure the maximal 02/kgbw*min. 
t he  three  exercise groups had the  following changes (Table XI):  t h e  
twenty minute group increased from 30.98 m l .  t o  37.70 ml. ,  22"/,; the  for ty  
minute group increased from 34.85 ml.  t o  40.78 ml., 17%; and t h e  s i x t y  
minute group increased from 31.86 m l .  t o  40.88 ml. ,  28%. 
Table X I V  presents the  average work load fo r  each subject for  the  f i r s t  
and tenth week. 
follows: 
423 kpm/min. 
f o r  Group 11, and a 57% increase f o r  Group 111. 
a t  a s igni f icant ly  lower work load and would normally be expected to make 
a grea ter  , ga in  than e i t h e r  of the other groups. 
The mean increase f o r  each of the  exercising groups w a s  as 
Group I, 252 kpm/min.; Group 11, 325 kpmhin,; and Group 111, 
This represents a 29% increase f o r  Group I, a 3% increase 
However, Group I11 s ta r t ed  
Although the group which exercised s i x t y  minutes per day made the  
greatest gains i n  the specified physical f i t nes s  variables,  they did not 
improve a great deal more than did the group which exercised only twenty 
minutes per day. 
with the  NASA Technical Monitor the conclusion w a s  reached t h a t  the s l i gh t ly  
greater  gain i n  physical f i t n e s s  did not j u s t i fy  the  extra  for ty  minutes 
Based on the analysis of the  da ta  and a f t e r  consultation 
ofcwork each day. 
180 heart  rate, one i n  the  fo r ty  minute group and one i n  the s ix ty  minute 
group worked a t  a considerably lower hear t  rate. Since the  working heart  
rate declines with age and improved f i t nes s  the  astronauts could not be 
expected t o  maintain a 180 heart  rate f o r  more than a very few minutes. 
There would be exceptions. 
Although most of the  subjects were ab le  t o  maintain the 
Based on the f i r s t  three experiments the decision w a s  made t o  t r a i n  
on the bicycle ergometer a t  a 160 hear t  rate i n  Experiment N. 
of the t ra in ing  sessions w i l l  be twenty minutes with the number of sessions 
The length 
varying f o r  the three exercise groups. 
per week, Group I1 six t i m e s  per week, and Group I11 twice per day or  
twelve t i m e s  per week. 
Group I w i l l  exercise three times 
Table V I  
Respiratory Data Obtained from 
the Balke Treadmill Test 
I t I 
Vat iable I 120 Minutes 
Pre I 4a98 
V i t a l  Post 5.16) 
Capadty (1) Difference * 12 
NaXimUm Pre 181.6 
Breathing Post 190.2 
CapacFty (1) Difference 8.6 
Respiratory Rate Pre 178.8 
During MBC Test Post 178.2 
(min.) Difference - -6 
Tidal Volume 
Maximal Oxygen Pre 2,388 
Uptake (I) 2.920 
Difference .540 
Oxygen pe-f Pre 13 . 04 
Pulse at Vg , P O 8  t 16.18 
(4 D f f  f erence 3.14 
Max. 02/kgbw*min. Pre 31.10 
(ml) Post 3 7.44 
Difference 6 a 3 6  
Pre 30.86 
%if02 (1) Post 32.60 
Difference 1.74 
RQ at 180 . 893 6 
Heart Rare 1 Ezt I .8822 
Difference - .Or14 
2.398 2.406 2.680 
3.078 3.008 2,740 . 680 . 602 I .Q60 
13.15 13.22 14 . 88 
17.10 16.70 15.24 
3.9s 3.48 -36 
34 . 00 31.98 34 . 22 
42.60 39.36 34.90 
8.60 7.38 0 68 
37.00 36.20 36.02 
39.28 I 36:; 1 3 7 3  
2.28 1.28 1 .9265 I .9842 I . 9702 
9932 . 9432 ,9486 
.0667 a 0 4 1 0  ,0216 
Table VI1 
Cardiovascular Data Obtained from 
the Balke Treadmill Test 
Pressure a t  
Heart: Rate 
a t  Rest 
at Work 
Hematocrit 
Ret iculocytes 
Plasma Volume 
Table VI11 
Blood Chemllsrry Data in 
Resting, Fasting State 
Cholesterol 
Table IX 
Blood Chemistry Data Zmediarely 
After Maximal Work Task 
Total Pre 
Cholesterol Post 
( m f m  Difference 
Phospholipids Pre 
(wm Pos 1: 
Dffference 
152.8 
170.0 
17.2 
180.2 
158.8 - 21.4 
187,O 
226.0 
39.0 
226.0 
235.5 
9.5 
Pre 138.32 €31.12 
Post I 139,90 l40.38 
Difference 1.58 9.26 
Pr e 
Post 
Difference 
11.66 13 . 50 
LO, 90 - -62 - 2,60 
Calcium Pre 11604 11.65 
(mg'o) Post 9.80 9.30 
D i f  E erence - 3.24 - 2.35 I 
Triglycerides Pre 49.2 82.0 
(mg"/.) Post 7266 80.8 
Difference 23 a 4  - 1.2 
60 Minutes 
82.64 
83.32 
68 
24.60 
21.92 - 2.68 
36.72 
40.84 
4.12 
190.2 
169.2 - 21.0 
234.4 
218.0 
3.6 
132.48 
142.78 
10.30 
4.36 
5.46 
1.10 
7.776 
8.176 
,400 
6.86 
7.2'6 
.40 
11.98 
12.30 
e32 
11.54 
8.48 - 3.06 
59.8 
74,4 
14.6 
Control 
85, 56 
82.36 - 3.20 
24.36 
24.70 
034 
42.30 
39.32 - 2.98 
187.4 
181.4 - 6.0 
218.6 
222.2 
3.6 
130.50 
13.30 
4-78 
S,22 
044 
143 0 80 
7,766 
1.192 
8,958 
5.84 
5.70 - .14 
11.86 
12.76 . 90 
11.40 
8.68 - 2.72 
87.4 
104 , 6 
17.2 
Table X 
Values for AAIIPER Items, Weight, Body Fat: 
and Time on the Treadmill and Bicycle 
Standing Broad 
Softball Throw 
Mean AAHPER 
Table Xf . 
Respiratory Data Obtained from 
a Modified NASA Bicycle Test 
Carkon DioxS,@ 
at  VE (1) 
Carbon Dioxide Pre 1,726 1,695 1,730 1.788 
at 8th Min. Post 1.606 1.590 1 , 548 1,798 
(1) Difference 
Pre 2,524 2.728 2.626 2,760 
Post 3,080 3,332 3,246 3 , 100 
D if E er ence I .566 I .6U4 I ,620 I ,340 
Oxygen' Uptake 
at 8th Min, 
(1) 
Pre 1,752 2.750 1.714 1,762 
Post I 1,694 1.710 1.718 1.750 
Difference - ,058 - ,040 1 ,004 I * ,012 
Maximal Oxygen 
Uptake (1) 
Table XI (Cant.) 
Respiratory Data Obtained from 
a Modified NASA Bicycle Test 
Respiratory Rate Pre 
at 8th Minute Post 
D i f  E erence 
Pre 
Post 
Difference 
Table X I 1  
Cardfovascular Data Obtained from 
a Modified NASA Bicycle Test 
Pressure a t  180 
Pressure at 
Zressure at 3rd 
at Work 
Table XI11 
Group 
Group I 
20 M i n .  
Group If 
40 Min. 
Group I11 
60 Min. 
Average Heart: Rate During Workouts 
Subject 
Number 
01 
02 
03 
04 
os 
Mean 
06 
07 
08 
09 
10 
Mean 
11 
12 
13 
14 
15 
Mean 
Overall Mean 
Beats Per Minute 
177.6 
179.2 
180.0 
176.8 
180.4 
178.8 
Dropped from Program - Illness 
175.6 
179.2 
177.6 
166.4 
174.8 
161.6 
178.4 
179.6 
179.2 
180.0 
175.6 
176.4 
Group I 
20 Min. 
Group If 
40 Min. 
Group 111 
60 Mine 
Table XrV 
Difference i n  Work Load From First Through Tenth Week 
Subject 
Number 
01 
02 
03 
04 
05 
Mean 
06 
07 
08 
09 
10 
Mean 
11 
12 
13 
14 
15 
Mean 
Overall Mean 
Average Work Load Average Work Load 
F i r s t  Week Tenth Week 
kpm/min, * kpm/min. * 
660 
945 
7 65 
1095 
900 
8 73 
1020 
1005 
975 
1500 
1125 
1125 
Dropped from Program Due t o  Illness 
93 6 1155 
930 1275 
810 1185 
795 1155 
8 68 1193 
720 
735 
780 
645 
825 
74 1 
1125 
1395 
1020 
1125 
1155 
1164 
827 1161 
Difference 
kpmlmin, * 
3 60 
60 
210 
405 
225 
25 2 
219 
345 
3 75 
3 60 
3 25 
405 
6 60 
240 
480 
330 
4 23 
333 
* kpm = kilopond meter; 1 kp is the force ac t ing  on the  mass of 1 kg a t  
normal accelerat ion of gravity;  100 k p  per minute = 723 foot-pounds 
per minute = 16.35 watts. 
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